Abstract-In order to compare variation and relations among yield and quality traits of three forage species, 9 superior varieties of sainfoin (Onobrychis sativa), proso millet (Panicum miliaceum) and foxtail millet (Setaria italica), were assessed using complete block design with three replications. Results of ANOVA showed significant differences (p<0.01) among species in all factors. Although, the highest average values of 14.37 and 8.23 ton ha -1 Dry Matter (DM) yield were obtained for the foxtail and proso millet, respectively, sainfoin was significantly premier in important traits such as crude protein, dry matter digestibility and crude fiber. Combined phenotypic correlation between DM yield with both water soluble carbohydrates and crude protein were negatively significant, whereas its relationship with crude fiber was negative. Using principal component analysis, the first four independent components with values more than 1.0 accounted for 91% of total variation. Based on ward cluster analysis, 9 varieties were divided into 3 groups. Totally, distribution of populations on the first two component scores was in agreement with cluster analysis.
I. INTRODUCTION
Fodder crops play pivotal role in the agricultural economy of developing countries by providing cheapest source of feed for livestock. The evaluation of novel forages in new growing environments involves assessment of forage establishment, including morphological factors, dry matter yield and quality characterization [1] . Because of the variation in nutrient concentrations in plant tissues, herbivores forage selectively to meet their nutritional requirements [2] , and forage quality has consequences for the survival and reproductive success of herbivores [3] - [5] .
Information on quality traits studies of forage species is still rare in comparison to the increasing number of options of forage plants and also because of the difficulty on knowing each plant through pasture trials [6] . Traditional agronomic attributes of particular interest to livestock producers include herbage yield and quality throughout the growing season. Anyway, forage evaluation for increased feeding efficiency, environmental sustainability and reduced production costs has become a priority in aiding development of the farming industry.
Vallentine [7] believed that the nutrient balance of animals is dependent upon four basic factors including the animal's nutrient requirements and nutrient contents, digestibility and amount of feedstuffs consumed. The performance of dairy animals depends on the consistent availability of quality fodder in adequate amount. Therefore, the critical limitation on profitable animal production in developing countries is the inadequacy of quality forage [8] . Among the many options to overcome the shortage of forage, the best one is the introduction of high yielding crop varieties [9] .
Assessment of the nutritive value of pastures is mainly concerned with the supply of energy, protein and minerals. Among various common chemical determinations of plant materials, CP and DMD are mainly considered for evaluation of forage quality [10] - [14] . Walton [15] stated that digestibility is frequently considered to be the most valuable estimate of forage quality, since it is closely associated with animal productivity. Digestibility may be related to dry matter, energy, or to any component of the nutrient material available in the feed [16] .
Given the potential importance of quality in temperate forages on animal nutrition and productivity [17] - [18] in comparative forage trials would be beneficial. The current trial compared the suitability of two alternative forages, Common millet and Foxtail millet with Sainfoin for use as livestock in moderate temperature.
II. MATERIALS AND METHODS

A. Experimental Design
This study was carried out at the Alborz Research Center in Karaj, Iran (35˚42' N 51˚31' E) at altitude 1291 m. In this regard, nine varieties of Onobrychis sativa (E-182, H-281, K-962), Panicum miliaceum (KCM2, KCM7, KCM9) and Setaria italica (KFM1, KFM6, KFM9) germplasms existing at gene bank of natural resources were selected. The farm was equipped with a large, well-designed handling facility including many indoor and outdoor dry lot pens and pastures. Prior to this research trial, the farm was used for livestock pasture and hay production, typically with forage stands consisting of alfalfa (Medicago sativa L.), smooth brome (Bromus inermis Leyess), quackgrass (Agropyron repens L.) and alsike clover (Trifolium hybridum L.). Each plot was cultivated as long as 2 m of seed linearly. The distance between lines of plots was 50 cm. Irrigation was the first made after cultivation while next irrigation was made according to the requirement of the plants. In the long run of experiment, agricultural cares including weed control and fertilizing schedule were made based on scientific advices and recommendations. 
B. Traits Measurement
After the first cut, Dry Matter (DM) yield was determined by drying the samples at 40 ˚C overnight (ton ha -1 ). Then it was milled well and dispatched to the laboratory for determination of nutrient value. Near Infrared (NIR) spectrometer was used for determination of dry matter digestibility, protein percentage, crude fiber, ash and acid detergent fiber percentage. After calibration of the NIR instrument, the measurement of qualitative characters was carried out following the methods of [19] .
C. Statistical Analysis
Data was combined analyzed using as complete block design with three replications. After harvesting, data of each experiment was subjected to analysis of variance (ANOVA) separately. Duncan test method was used for determination of superior populations. Phenotypic correlations among characteristics were estimated for all pair-wise combinations. All of variables were used in principal components and cluster analysis. The variables were standardized for cluster analysis (ward method).The gathered data were analysed by using MSTATC, Minitab 16 and SAS9 software.
III. RESULTS
The results of ANOVA (analysis of variance) of two separate ANOVA showed that effect of species and varieties for the most traits of yield and quality factors at 1% level were significantly different (Table I) .
Species of sainfoin had the highest percentage of DMD and CP with 68.09% and 18.15%, respectively. Percentage of CF was maximum in common millet with 44.30% and foxtail millet had also high CF with and 39.57%, subsequently. Although, common millet was more than foxtail millet but sainfoin had significantly the highest percentage of water soluble carbohydrates (Fig. 1) . Approximately, dry matter of common millet was two and three times more than foxtail millet and sainfoin, respectively. Foxtail millet just in ADF showed the highest percentage in comparison with two other forage species (Fig. 2) .
In comparing the digestibility and protein of 9 varieties, two populations of K-962 and H-281 from Onobrychis sativa had better forage quality. It became clear that variety of KCM9 from Panicum miliaceum had the highest percentage of crude fiber with 44.84% and all three varieties of Onobrychis sativa were superior in water soluble carbohydrates (Table II) . The dry matter yield is one the most important studied parameters in forage crops. There were significant differences among varieties of the three species; which KCM2 of Panicum miliaceum with 18.07 ton ha-1 had the highest DM yield. Nevertheless, verities of Setaria italica had the maximum ADF% and variety of KFM1 was the best with 31.29% (Table III) .
The analysis results of Phenotypic dual correlations of traits have been shown based on average of three forage species results in Table IV. In the same way, correlation coefficient between DMD% with CP% and WSC% exhibited positive and significant difference. On contrary, dry matter yield had significantly negative relation with CP and WSC, while their association with the ADF% and DMD% traits were non-significant. Crude protein percentage revealed significantly negative association with CF%, ADF% and ASH while its relation was highly positive with WSC% (Table IV) .
In PCA analysis, the particular values (variance) of resulting from 1 and 2 factors were more than 1 accounted for 75 and 26, 17 percent, respectively and the two first component of the PCA explained 91% of the variability observed. After varimax rotation of factors, it was determined that the first factor affected on traits of DMD% and CP%, negative coefficient and CF% with positive coefficient was known as quality factor. The second component was strongly correlated with dry and fresh forage yield and this component was regarded as forage yield (Table  V) . In cluster analysis, all traits of nine varieties were used and grouped into 3 different categories with dendrogram slice in 10.1 of Euclidean distance (Fig. 3) . Dispersion of 9 varieties (in 3 clusters) based on first and second factor is shown in Figure 4 . The first axis (X) was formed by CP%, DMD% and WSC% (negative coefficient) and CF% (positive coefficient). Varieties of the first and second cluster were upper right, correspond to confirm low forage quality. In contrary, the Onobrychis sativa varieties were on left of X axis and had the highest percentage of protein, digestibility and carbohydrates. The second axis (Y) was associated with dry and fresh forage yield (positive coefficient) and ADF (negative coefficient). So, the second cluster (varieties of Panicum miliaceum) was on top of the Y axis with high forage yield (Fig. 4) . 28.93 *significant at the 0.05 probability level, ** significant at the 0.01 probability level. Plants grown at high temperatures generally produce lower quality forage than plants grown under cooler temperatures, and cool-season species grow most during the cooler months of the year. However, forage of any species tends to be lower in quality if produced in a warm region rather than a cool region. Since millets require warm temperatures for germination and development and are sensitive to frost.
The evaluation of alternative forages, specifically those containing secondary compounds for improving productivity in grazing ruminants, has recently been reviewed by Ramirez-Restrepo and Barry [20] . This review included an evaluation of chicory, birdsfoot trefoil, sulla (Hedysarum coronarium), alfalfa, white and red clover (Trifolium pratense and Trifolium repens), and perennial ryegrass (Lolium perenne), and concluded that the greatest advantages were offered by chicory, sulla, and the condensed tannin containing leguminous species birdsfoot trefoil. The current study's findings on sainfoin protein, digestibility and fiber concentrations are consistent with the literature indicating this species can provide adequate quality forage for pasture throughout the summer. The quality and nutritional value of the plant have direct relationship with their crude protein content and digestibility and reverse relationship with ADF and crude fiber. Although the relation between DM yield and CP was negative, however, results of DMD and CP also showed the most percentage in the sainfoin varieties where the populations had the highest forage quality. These reported correlations were similar to results of Jafari and Godarzi [21] on alfalfa.
V. CONCLUSION
Forage suitability evaluations revealed valuable information regarding forage establishment, yield, quality and stand persistence of sainfoin, common and foxtail millet as livestock forage. Sainfoin varieties were high in quality and low in yield in comparison with millet, but did have several harvesting well. Therefore, while useful as annual forage, it may not be suitable for perennial pasture. Although Panicum miliaceum had good forage yield, it consisted of high percentage of fiber as well. Although demonstrating positive attributes, both common and foxtail millet were generally inferior to sainfoin in quality traits, but mixtures of sainfoin with other forages, particularly millet, may prove beneficial for concentrate production in cold climates.
